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@ Sliding sleeve casing tool. 

(57) A sliding sleeve casing tool apparatus (10) for 
use in a casing suing in a well bore comprises a 
housing (58). a communication port (64) and a 
sliding sleeve (70) to open and close port (64). A 
radioactive source (146) is attached to the hous- 
ing (58). and the orientation of the source may 
be determined by use of a detector apparatus, 
such as a rotational gamma ray detector. The 
casing valve thus may be aligned with the frac- 
ture of a zone of interest in the well. A plurality 
of casing valves may be used, with at least one 
having a radioactive source. 
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The present invention relates generally to com- 
pletion tools for use in wellbores, and more particular- 
ly, to a sliding sleeve casing tool. 

It is known that sliding sleeve type casing valves 
can be placed in the casing of a well to provide selec- 5 
live communication between the casing bore and 
subsurface formation adjacent to the casing valve. 
One such casing valve is shown in our U.S. Patent No. 
4,991,654 (Brandell etaL). The casing valve includes 
an outer housing with a sliding sleeve. First and sec- w 
ond seals define a sealed annulus within the housing. 
A latch is disposed in the sealed annulus for latching 
the sliding valve in its first and second positions. The 
housing has a plurality of housing ports defined 
therein and the sliding sleeve has a plurality of sleeve rs 
ports defined therein. A third seal disposed between 
the sleeve and housing isolates all of the housing 
ports from all of the sleeve ports when the sleeve is 
in its first position relative to the housing. When the 
sleeve is moved to its second position relative to the 20 
housing, it is aligned so that the sleeve ports are in 
registry with the housing ports. A positioning tool, 
such as that disclosed in our U.S. Patent No. 
4,979,581 (Szarka), is used to position the sleeve in 
the casing valve. Once the sliding sleeve in the casing 25 
valve is moved to its second position, fluid may be jet- 
ted through the jetting tool as disclosed in U.S. Patent 
No. 5,029,644. The jetting tool is connected to a ro- 
tatable connection to the positioning tool. 

Another of our casing valves has a sliding sleeve 30 
with a selective latch profile, and a positioning tool 
has a corresponding latch profile so that the position- 
er block will latch only in the profile in the casing valve 
and not engage anything else in the casing string. 

These prior casing valves have worked well, but 35 
when positioned may not be optimally aligned with an 
existing downhole fracture in the wellbore. Typically, 
these casing valves are currently run into the wellbore 
with four ports placed approximately 90° apart The 
ports are placed adjacent to the zone of interest with 40 
no means of placing a port in the plane of the fracture. 
The resulting flow path between the port and frac- 
ture, when pumping a sand-laden fluid, may thus be 
quite circuitous and cause fracture tortuosity and 
possible screen-out of the fracture. Higher than nec- 45 
essary pump pressures may also be encountered in 
such situations. 

We have now overcome this problem by providing 
a completion tool with a casing valve having an insert 
with a radioactive source or tracer therein which can so 
be located with a rotational gamma ray sensor, such 
as in the HLS RotaScan tool. With prior knowledge of 
the plane of orientation of the fracture by use of ex- 
isting logs or stress data, the casing string with the 
completion tool is rotated at the surface to orient the 55 
radioactive tracer insert as desired with the fracture. 
In this way, the completion ports can be relatively pre- 
cisely aligned with the fracture to eliminate the inter- 



rupted flow path previously described. 

According to the present invention, there is pro- 
vided a sliding sleeve casing tool apparatus for use in 
a casing strinr of a well, said apparatus comprising 
an outer housing having a longitudinal passageway 
defined therethrough and having a side wall with a 
housing communication port defined through said 
side wall; a sliding sleeve slidably disposed in said 
longitudinal passageway and being selectively mov- 
able relative to said housing between a first position 
blocking said communication port and a second pos- 
ition wherein said communication port is communicat- 
ed with said longitudinal passageway; and a radioac- 
tive insert attached to said housing. 

The invention also includes a completion tool ap- 
paratus which comprises a sliding sleeve casing tool 
apparatus of the invention. 

The completion tool of the present invention is 
adapted for use in a casing string of a well. The ap- 
paratus comprises a casing valve of the invention. In 
one embodiment, at least two casing valves are inter- 
connected, although any number of casing valves, in- 
cluding only one, may be used. Preferably, the first 
and second casing valves are interconnected by a 
swivel connection disposed between the casing 
valves. The swivel connection may be a locking swivel 
connection. 

At least one of the first and second casing valves 
has a radioactive source disposed therein. In the pre- 
ferred embodiment, this radioactive source is located 
in the lowermost casing valve. The radioactive source 
is aligned with a housing communication port in the 
corresponding casing valve, and this radioactive 
source may actually be disposed in the housing com- 
munication port. 

The casing valve with the radioactive source may 
be described as a sliding sleeve casing tool apparatus 
comprising an outer housing having a longitudinal 
passageway defined therethrough and having a side 
wall with the housing communication port defined 
through the side wall, a sliding sleeve slidably dis- 
posed in the longitudinal passageway and being se- 
lectively movable relative to the housing between a 
first position blocking the housing communication 
port and a second position wherein the housing com- 
munication port is communicated with the longitudi- 
nal passageway, and the radioactive source in the 
form of a radioactive insert attached to the housing. 

In one embodiment, the housing defines a hole 
aligned with the housing communication port, and the 
radioactive insert is disposed in the hole. A plug may 
be threadingly engaged with the hole for retaining the 
insert therein. 

In another embodiment, the radioactive insert is 
disposed in the housing communication port such as 
by threading engagement. In this latter embodiment, 
the radioactive insert may be made of a frangible ma- 
terial. 
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The housing communication port may be one of 
a plurality of such housing communication ports, and 
at least one radioactive insert is aligned with at least 
one of t^e housing communication ports. 

The preferred swivel connection may be said to 
comprise a mandrel threadingly engaged with at least 
one of the casing valves, and a locking nut threadingly 
engaged with the mandrel for locking engagement 
with the corresponding casing valve, thus preventing 
relative rotation therebetween. 

The present invention also includes a method of 
positioning a casing string in the well. The method 
comprises the steps of positioning a casing valve in 
the casing string, positioning a radioactive source on 
the casing valve, lowering the casing string into the 
well such that the casing valve is adjacent to a zone 
of interest, determining relative orientation of the ra- 
dioactive source with respect to the zone of interest, 
and rotating the casing string as necessary to move 
a housing port in the casing valve into alignment with 
a fracture or direction of least principal stress of the 
zone of interest. 

The step of positioning the radioactive source 
may comprise positioning the radioactive source in 
alignment with the housing port of the casing valve. 
In one embodiment, the step of positioning the radio- 
active source may comprise positioning the radioac- 
tive source in the housing port 

The step of determining relative orientation of the 
radioactive source may comprise positioning a radio- 
active detector means in the casing valve for respond- 
ing to the radioactive source. 

The method may further comprise the step of 
opening the housing port in the casing valve and 
pumping fluid through Ihe housing port without sub- 
stantial tortuosity. 

Numerous objects, features and advantages of 
the present invention will become readily apparent to 
those skilled in the art upon a reading of the following 
disclosure when taken in conjunction with the accom- 
panying drawings. 

FIG. 1 is a schematic elevation sectioned view of 
a well having a substantially deviated well portion and 
with one embodiment of completion tool of the pres- 
ent invention placed in the casing string. 

FIGS. 2A-2F show a crass-sectional view of the 
embodiment of completion tool of the present inven- 
tion. 

FIG. 3 shows a lower portion of another embodi- 
ment of completion tool of the present invention. 

Referring now to the drawings, and more partic- 
ularly to FIG. 1, the full opening completion tool of the 
present invention is shown and generally designated 
by the numeral 10. Completion tool 10 is disposed in 
a well 12. Well 12 is constructed by placing a casing 
string 14 in a well bore 16 and cementing the same in 
place with cement as indicated by numeral 18. Com- 
pletion tool 10 forms a portion of casing string 14. 



Casing string 14 defines a casing bore 20 there- 
through. 

Well 12 has a substantially vertical portion 22. a 
radiused portion 24, and a substantially non-vertical 

5 deviated portion 26. In FIG. 1, deviated portion 26 is 
illustrated as being a substantially horizontal well por- 
tion 26, but the invention is not intended to be limited 
in such a well 14. Although the tools described herein 
are designed to be especially useful in the deviated 

10 portion of the well, they can, of course, also be used 
in the vertical portion of the well or in a wholly vertical 
well. 

Completion tool 10 comprises a plurality of cas- 
ing valves, such as a pair of casing valves 28 and 30, 

15 which are spaced along the deviated well portion 26 
of well 14. Casing valves 28 and 30 are located adja- 
cent to a subsurface zone or formation of interest, 
such as zones 32 and 34, respectively. It should be 
understood that the invention is not intended to be 

20 limited to only a pair of casing valves, and any number 
of casing valves may be used and positioned adjacent 
to any number of zones. 

In a preferred embodiment, casing valves 28 and 
30 are interconnected by a locking swivel connection 

25 36. However, a more conventional, non-locking swiv- 
el connection may also be used. Also, casing valves 
28 and 30 may also be interconnected by a normal 
casing joint or joints. 

In FIG. 1, a tubing string 38 having a plurality of 

30 tools connected to the lower end thereof is shown as 
being lowered into well casing 14. As will be further 
discussed, tubing string 38 and the tools therein are 
used in conjunction with completion tool 10. 

A well annulus 40 b defined between tubing 

35 string 38 and casing string 14. A blowout preventer 4 2 
located at the surface is provided to close well annu- 
lus 40. A pump 44 is connected to tubing string 38 for 
pumping fluid down tubing string 38. 

Tubing string 38 shown in FIG. 1 has a positioner 

40 tool apparatus 46, a jetting tool apparatus 48, and 
may also have a wash tool apparatus 50 connected 
thereto. 

Referring now to FIGS. 2A-2F, the details of one 
embodiment of completion tool 10 will be discussed. 

45 Completion tool 1 0 is connected to an upper por- 

tion 52 of casing string 14. In the illustrated embodi- 
ment, casing valve 28 of completion tool 10, shown in 
FIGS. 2A-2C, comprises an upper body 54 which 
forms a threaded connection 56 with upper portion 52 

50 of casing string 14. Upper body 54 is attached to the 
upper end of an outer housing or case 58. Housing 58 
defines a longitudinal passageway 60 therethrough 
and has a side wall 62 with a plurality of housing com- 
munication ports 64 defined through the side wall. 

55 Preferably, but not by way of limitation, there are two 
ports 64 spaced 180° apart. 

A lower body 66 is attached to the lower end of 
housing 50. Lower body 66 has an internal straight 
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thread 68 for connection to locking swivel connection 
36 as will be further described herein. 

Casing valve 28 also comprises a sliding sleeve 
70 which includes a coOet sleeve 72 attached to a seal 
sleeve 74 at threaded connection 76. Sleeve 70 is dis- 5 
posed in longitudinal passageway 60 of housing 58 
and is selectively movable relative to housing 58 be- 
tween a first position shown in FIGS. 2A-2C blocking 
or covering housing communication ports 64 and a 
second position wherein housing communication 10 
ports 64 are uncovered and are communicated with 
longitudinal passageway 60. 

Casing valve 28 also includes an upper wiper 78 
which provides wiping engagement between collet 
sleeve 72 and housing 58. Casing valve 28 further in- 1 5 
eludes spaced lower seals 80 and 82 which provide 
sealing engagement between seal sleeve 74 and 
housing 58. In the first position of sleeve 70, it will be 
seen that seals 80 and 82 are on longitudinally oppo- 
site sides of housing communication ports 64, thus 20 
sealing!/ separating ports 64 from longitudinal pas- 
sageway 60. 

A position latching means 84 is provided for re- 
leasaWy latching sliding sleeve 70 in its first and sec- 
ond positions. Position latching means 84 is disposed 25 
in an annulua 86 defined between sliding sleeve 70 
and housing 58. It will be seen that annulus 66 is pro- 
tected between upper wiper 78 and seal 80. 

Position latching means 84 includes a spring col- 
let 88, which may also be referred to as a spring 30 
biased latching means 88. Spring collet 88 is longitu- 
dinally positioned between upper end 90 of seal 
sleeve 74 of sliding sleeve 70 and downwardly facing 
shoulder 92 on collet sleeve 72 of sliding sleeve 70. 
Thus, collet 88 moves longitudinally with sliding 35 
sleeve 70 and may be considered to be attached 
thereto. 

Position latching means 84 also includes first and 
second radially inwardly facing, longitudinally spaced 
grooves 94 and 96 defined in housing 58 and corre- 40 
spending to first and second positions, relatively, of 
sliding sleeve 70. 

By placing spring collet 38 in annuius 86. the col- 
let is protected in that cement, sand and the like are 
prevented from packing around the collet and imped- 45 
ing its successful operation. 

It is noted that position latching means 84 could 
also be constructed by providing a spring latch at- 
tached to housing 58 and providing first and second 
grooves in sliding sleeve 70 rather than vice versa as so 
they have been illustrated. 

Sliding sleeve 70 has a longitudinal sleeve bore 
98 defined therethrough. Collet sleeve 72 of sliding 
sleeve 70 defines first and second inwardly facing 
grooves 100 and 102 therein, as best seen in FIGS. 55 
2Aand 2B. Thus, it may be said that first groove 100 
and second groove 102 are separated by a ring or 
shoulder portion 104. First and second grooves 100 



and 102 and ring 104 therebetween form a latch pro- 
file adapted for engagement by positioning tool 46 in 
a manner such as described in co-pending U. S. Pa- 
tent Application Serial No. 07/781.701, a copy of 
which is incorporated herein by reference. 

Sliding sleeve 70 has a lower end 1 06 which is the 
lower end of seal sleeve 74. In the illustrated embodi- 
ment, end 106 is positioned adjacent to lower body 66 
and below housing communication port 64 when slid- 
ing sleeve 70 is in the first position shown. 

Referring now to FIGS. 2C and 2D, locking swivel 
connection 36 will be described. Swivel 36 comprises 
a casing pup joint or mandrel 108 having an external 
straight thread 110 and an external tapered thread 
112 at the upper and lower ends thereof, respectively. 
Straight thread 110 is engaged with thread 68 in lower 
body 66 of casing valve 28. A sealing means, such as 
seal 114, provides sealing engagement between pup 
joint 108 and lower body 66. 

A locking nut 116 is positioned around pup joint 
108 and adjacent to lower end 118 of lower body 66 
of casing valve 28. Locking nut 116 has an internal 
straight thread 120 which is also threadingly engaged 
with external thread 110 on pup joint 108. 

The lower end of pup joint 108 is connected to 
casing valve 30 by the threaded engagement of ex- 
ternal tapered thread 112 with internal tapered thread 
122 in an upper body 124 of casing valve 30. 

While pup joint 108 is shown as being directly 
connected to lower casing valve 30, it should be un- 
derstood that the pup joint may be connected to the 
lowercasing valve by one or more casing collars. That 
is, upper and lower casing valves 28 and 30 may be 
separated by one or more casing joints. 

Similar to casing valve 28, upper body 1 24 of cas- 
ing valve 30 is attached to an outer housing or case 
1 30. Housing 1 30 has a longitudinal passageway 1 32 
defined therethrough and a side wall 134 with a plur- 
ality of housing communication ports 136 defined 
through the side wall. See FIGS. 2D-2F. 

A lower body 138 is attached to the lower end of 
housing 130. Lower body 138 has an external thread 
140 for connection to a lower portion 142 of casing 
string 14. 

Outer housing 130 of casing valve 30 is almost 
identical to outer housing 58 of casing valve 28, ex- 
cept that housing 130 also has at least one threaded 
hole 144 defined therein, as seen in FIG. 2F. Hole 144 
is aligned in an axial direction with one of housing 
communication ports 136. 

A radioactive insert 146 is disposed in threaded 
hole 144 and held in place by a threaded plug 148. 
The material from which insert 146 is made provides 
a radioactive tracer or source used to position casing 
valve 30, and thus completion tool 10, as will be fur- 
ther described herein. 

The internal components of casing varve 30 are 
substantially identical to those of casing valve 28. 
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That is. casing valve 30 also includes a sliding sleeve 
70 with seals 80 and 82 thereon and a position latch- 
ing means 84. 

Alternate Embodiment 5 

Referring now to FIG. 3, the lower end of an al- 
ternate lower casing vaJve 30' is shown. Casing 
30* has an outer housing or case ^J' defining a plur- 
aGty of housing communication ports 150 therein. At 10 
least one of housing communication ports 150 is 
threaded in a threaded radioactive insert 152 and is 
installed in the threaded housing communication port 
150 and thus is aligned with the port. In one preferred 
embodiment, threaded radioactive insert 1 52 is made 15 
of a frangible material which will fracture readily when 
subjected to fluid discharged from a jetting tool, as 
further described herein. 



Operation Of The Invention 
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Completion tool 10 preferably is made up so that 
housing communication ports 64 in casing valve 28 
are aligned in an axial direction with housing commu- 
nication ports 1 36 of casing valve 30 or housing com- 25 
munication ports 150 of casing valve 30'. That is, 
each housing communication port 64 is longitudinally 
aligned with a corresponding housing communication 
port 136 or 150. 

Completion tool 10 may be made up in a conven- 30 
tional manner with a normal casing joint between cas- 
ing valves 28 and 30. In this instance, ports 64 are 
substantially aligned with ports 1 36 or 1 50 by varying 
the torque applied to the tool during assembly. How- 
ever, it is possible that in this technique the ports will 35 
not be truly aligned in some cases, such as with pre- 
mium connections which make up against a set shoul- 
der. Better alignment may be possible by use of a 
swivel connection between casing joints 28 and 30. 
For example, alignment is accomplished through the 40 
use of locking swivel connection 36 in which pup joint 
1 08 is threaded into lower body 66 of casing valve 28 
and into upper body 1 24 of casing valve 30 or 30'. Be- 
cause of the straight threads, the casing valves may 
be rotated easily with respect to pup joint 108 to align 45 
the housing communication ports. When the ports 
are aligned, locking nut 116 is threaded upwardly on 
external thread 110 of lower body 66 of casing valve 
128 until the locking nut lockingly jams against lower 
end 118 of lower body 66, thereby preventing further 50 
relative rotation between casing valve 28 and pup 
joint 108. 

Completion tool 10 as part of casing string 14 is 
run into borehole 16 in a conventional manner until 
the casing valves are positioned adjacent to the 55 
zones of interest, such as zones 32 and 34 shown in 
FIG. 1. 

A radioactive detection means, such as a rota- 



tional gamma ray detector apparatus 154, may be run 
down into casing 14 by any means, such as a tubing 
stnng 156. One such gamma ray detector is the Hal- 
liburton HLS RotaScan tool, but the invention is not in- 
tended to be limited to this particular device. Detector 
apparatus 154 is used to determine the position of ra- 
dioactive insert 146 or 152, and thus the orientation 
of casing valve 30 and completion tool 10. 

By prior knowledge of the plane of orientation of 
the fracture by use of existing well togs, or stress 
data, casing string 114 may be rotated at the surface 
to orient radioactive insert 146 (or 152) with the frac- 
ture. It will thus be seen that housing communication 
ports 64 and 1 36 (or 1 50) are thereby aligned with the 
fracture as well. 

After completion tool 10 (or 10') with casing 
valves 28 and 30 (or 30 ), is positioned as desired, it 
may be cemented in place as shown in FIG. 1. How- 
ever, it should be understood that the invention is not 
necessarily limited to a casing string 14 which is ce- 
mented in place. Completion tool 10 may also be used 
in uncemented completions wherein zonal isolation 
between the casing valves is established by external 
casing packers or the like. Also, the casing valves 
may be used in any cemented/uncemented combina- 
tion. 

After cementing of casing string 14, the next trip 
into the well is with tubing string 38 including position- 
er too! 46, jetting tool 48 and wash tool 50. as sche- 
matically illustrated in FIG. 1. In FIG. 1. this tool as- 
sembly is shown as it is being lowered into vertical 
portion 22 of well 12. The tool assembly will pass 
through radiused portion 24 and into non-vertical por- 
tion 26 of well 1 2. The tool assembly should first be 
run to just below lowermost casing valve 30 (or 30'). 

Then, hydraulic jetting begins, utilizing a filtered 
clear completion fluid. Hydraulic jetting is performed 
with jetting tool 48 by pumping fluid down tubing 
string 38 and out the jetting nozzles in the jetting tool 
to impinge casing bore 20. Jetting tool 48 is moved 
upwardly through casing valve 30 or 30' to remove 
any residual cement from all of the recesses in the in- 
ternal portion of casing valve 30 or 30*. This is partic- 
ularly important when casing valve 30 or 30* is locat- 
ed in a deviated well portion because significant 
amounts of cement may be present along the lower 
inside surfaces of the casing valve. The cement must 
be removed to insure proper engagement of position- 
ing tool 46 with sleeve 70. 

It is noted that when the terms "upward" or "down- 
ward" are used in the context of direction of move- 
ment in the well, these terms are used to mean move- 
ment along the axis of the well either uphole or down- 
hole, respectively, which in many cases may not be 
exactly vertical and can in fact be horizontal in a hor- 
izontally oriented portion of the well. 

After hydraulicalty jetting the internal portion of 
casing valve 30 or 30', positioning tool 46 is lowered 
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back through casing valve 30 or 30' and used to en- 
gage and actuate sliding sleeve 70 therein in a man- 
ner known in the art. Tubing string 38 is pulled up- 
wardly to apply an upward force to sliding sleeve 70 
of casing valve 30 or 30'. Spring collet 88 is initially in 
engagement with first groove 94 of housing 130 or 
130', and the upward pull will compress the collet to 
release first groove 94. As collet 88 compresses and 
releases, a decrease in upward force will be noted at 
the surface to evidence the beginning of the opening 
sequence. Sliding sleeve 70 will continue to be pulled 
to its full extent of travel which can be confirmed by 
sudden rise in weight indicator reading at the surface 
as the top of sliding sleeve 70 abuts upper body 124. 
At this point collet 88 will engage second groove 96. 

Jetting of communication ports 136 or 150 may 
then be carried out using jetting tool 48 in a manner 
known in the art. With first embodiment casing valve 
30, the jetted fluid is discharged directly through 
housing communication ports 1 36 to remove any ce- 
ment therefrom. With second embodiment casing 
valve 30', using a frangible radioactive insert 152. jet- 
ting will fracture the insert in housing communication 
port 150, thereby opening housing communication 
port 150 and cleaning it out 

In still another embodiment radioactive insert 
1 52 is not necessarily made of a frangible material. In 
such a case, at least one communication port 150 in 
housing 130* does not have an insert 152 therein. Af- 
ter alignment of the radioactive insert with the frac- 
ture using detection apparatus 154, as previously de- 
scribed, casing 14 is rotated by the angular displace- 
ment between ports 150. That is, if ports 150 are 
spaced 90° apart, casing string 14 is rotated 90° so 
that an unplugged housing communication port 150 is 
aligned with the fracture. After opening of casing 
valve 30', jetting is substantially identical to that pre- 
viously described. 

Once jetting of casing value 30 or 30' has been 
completed, positioning tool 46 is used to dose sleeve 
70. If desired, blowout preventer 40 can be closed and 
the casing can be pressure tested to confirm that cas- 
ing valve 30 or 30' is in fact closed. 

Then, the tubing string 38 is moved upwardly to 
casing valve 28, and the sequence is repeated. The 
only difference between casing valve 28 and casing 
valve 30 or 30* is that casing valve 28 does not have 
a radioactive insert Again, although only two casing 
valves 28 and 30 (or 30') are shown in FIG. 1, addi- 
tional casing valves may be included in casing string 
14. 

Once all of the casing valves have been jetted out 
and reclosed, the work string may be pulled to the top 
of the liner, or to the top of non-vertical portion 26 of 
casing 14 and backwashed. Backwashing is accom- 
plished in a manner known in the art using wash tool 
50. 

The jetting operation is used to remove cement 



from and adjacent to the communication ports ;n the 
casing valves for facilitating fracture initiation by eas- 
ing access to the formation. In the actual fracturing 
operation, a mechanical positioning too) is run into the 

5 casing with a packer positioned thereabove. The 
mechanical positioning tool may be used to open and 
close the sleeves in the casing valves so that sand- 
laden fluid may be pumped through the communica- 
tion ports into the well formation. Since the casing 

10 valves have been oriented with the fracture as previ- 
ously described, there is no significant interruption in 
the flow path between the housing communication 
ports (136 in casing valve 30. 150 in casing valve 30', 
or 64 in casing valve 28) and the fracture when pump- 

15 ing the sand-laden fluid. This eliminates fracture tor- 
tuosity and possible screen-out and keeps pump 
pressures at a minimum. 



20 Claims 

1. A sliding sleeve casing tool apparatus for use in 
a casing string (14) of a well, said apparatus com- 
prising an outer housing (58; 130') having a long- 

25 itudinal passageway (60) defined therethrough 

and having a side wall (62) with a housing com- 
munication port (64,150) defined through said 
side wall (62); a sliding sleeve (70) slidably dis- 
posed in said longitudinal passageway (60) and 

30 being selectively movable relative to said housing 

between a first position blocking said communi- 
cation port (64) and a second position wherein 
said communication port (64) is communicated 
with said longitudinal passageway (60); and a ra- 

35 dioactive insert (146; 152) attached to said hous- 

ing (58). 

2. Apparatus according to claim 1, wherein said 
housing (58) defines a hole (144) alignabie with 

40 said housing communication port (64); and said 

radioactive insert (146) is disposed in said hole 
(144). 

3. Apparatus according to claim 2, further compris- 
45 ing a plug (148) threadingly engaged with said 

hole (144) for retaining said insert (146) therein. 

4. Apparatus according to claim 1, wherein said ra- 
dioactive insert (152) is disposed in said housing 

so communication port (150). 

5. Apparatus according to claim 4, wherein said ra- 
dioactive insert ( 1 52) is threadingly engaged with 
said housing communication port (150). 

55 

6. Apparatus according to any of claims 1 to 5, 
wherein said radioactive insert (146; 152) is made 
of a frangible material. 
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7. Apparatus according to claim 1, wherein said 
housing communication port (150) is one of a 
plurality of housing communication ports; and 
said radioactive insert (152) is aligned with at 
least one of said housing communication ports 5 
(150). 

8. A completion tool apparatus for use in a casing 
string of a well, which apparatus comprises a slid- 
ing sleeve apparatus as claimed in any of claims io 
1 to 7. 

9. Apparatus according to claim 6, which comprises 
two sliding sleeve apparatus, at least one being 

as claimed in any of claims 1 to 7. is 

10. Apparatus according to claim 9 f wherein the cas- 
ing valve is as claimed in any of claims 1 to 7. 

20 



25 



30 



35 



40 



45 



50 



55 



8 



EP 0 633 391 A2 




9 



EP 0 633 391 A2 




10 



EP 0 633 391 A2 




11 



EP 0 633 391 A2 




EP 0 633 391 A2 




13 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

Ij9 COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



